Ключевые слова : флюидный режим, битумо-гидротермальная ассоциация, Западно-Донецкий грабен, тектонический разлом, тепломассоперенос, ореольные воды, газы, тектоническая фаза. Problem formulation. By the term "bitumenhydrothermal mineral association," the authors understand the spatially and genetically determined joint location of hydrothermal minerals and natural bitumen in rocks. In this case, "natural bitumen" is a natural hydrocarbon compound of a solid, viscous and viscous-liquid consistency consisting of high molecular hydrocarbons and heteroatomic (oxygen, sulfur, nitrogen and metal-containing) compounds having structural viscosity and non-Newtonian fluids [25]. Ore water of such associations is characterized by certain geochemical specifics.
the Dnieper-Donetsk paleorift, is often found together with solid bitumen. This phenomenon is established in various ore fields of the region. Among them are Nikitovskoe, Druzhkivsko-Konstantinovsky, Slovyanskoye ore fields and numerous orodimensions of hydrothermal mineralization in rocks. All of them are confined to different types of anticlinal structures.
On the other hand, in the rocks of most of the oil-and-gas bearing structures known in the Western Donetsk graben (and not only here), there is both ore hydrothermal mineralization and non-ore. Such a pattern, in our opinion, is not only due to the joint ways of migration, but also, possibly, to the joint sources of generation of hydrothermal minerals and hydrocarbons. Considering this issue, one should proceed from the fact that the energy basis for the formation of hydrothermal mineralization, as well as the accumulation of hydrocarbons in the earth's crust is the fluid heat-and-mass transfer. Heat flows formed in the mantle, carry out ascending unloading in the zones of deep faults and, saturating with mineral matter, carry huge masses of geological matterfrom hydrothermal mineral-forming solutions to gasliquid fluids, an essential component of which are hydrocarbons. In addition, by capturing the substance of rocks in the course of its movement, these endogenous streams are unloaded in areas of the removal of geostatic pressure within the limits of anticlinal folds that are increasing in the present time [2, 5, 20, 33, 37] .
The indicated processes are caused mainly by three factors: features of geological development of the region; its structural structure and the modern level of tectonic activity of the region. All other factors (geophysical, hydrogeological, lithological, geochemical, etc.) are of secondary importance.
Analysis of the latest research and publications. The problem of the fluid regime of hydrothermal processes involving hydrocarbon compounds has long been the subject of discussion in scientific geological circles around the world.
In the early stages, as well as now, it is often considered in the context of two opposing paradigms -the organic and inorganic origin of hydrocarbons. This, on the one hand, makes it rather interesting and ambiguous, and on the other -requires specific scientific facts and research results.
In frequent cases, there is a joint finding of solid bitumen, naphtides, petroleum, methane and its homologues within hydrothermal ore fields. This phenomenon is observed on different continents, mainly in areas with a young Meso-Cenozoic tectonic activity, which is the result of modern heat-andmass transfer in the earth's crust, the most intense foci of which are concentrated on the fluid-dynamic open areas of zones of deep faults [6, 19, 25, 32] . Often low-and medium-temperature mercury mineralization is associated with bitumen, petroleum and hydrocarbon gases. Hydrothermal mineralization and bituminous materials are widely represented in Meso-Cenozoic folded and volcanic structures of the Pacific rim [21] . Spatial connections of hydrothermal mineralization and hydrocarbon compounds are found in the Ukrainian Carpathians and the Crimea, the Czech Sudeten and the Spanish Pyrenees, the Central Asian structures of Tien Shan and Pamir, in North America and Africa, in Siberia and New Zealand. This phenomenon is observed on different continents, which makes it, in fact, general-planetary [3, 5, 6, 10, 12, 19, 32, 38] .
Regional studies have established bitumenhydrothermal mineral associations in the region. In addition to the Nikitovsky, DruzhkivskyKonstantinovsky and Slavic ore fields, they were found on Bilyaivsky, Spivakivsky, Petrovsky, Izyumsky and other anticlinal structures [10, 12] .
The development and improvement of the laboratory and experimental base of geological science with the involvement of such modern research methods as isotopic and mass spectrometric analyzes reproduces the basic parameters of the fluid regime, in which hydrocarbons participate in hydrothermal mineral formation [2, 5, 8, 33, 34] . This, in turn, makes it possible to quite realistically define the formation of bitumen-hydrothermal mineral associations in rocks and the formation of halo waters around them [13,25,27,38,] .
To date, considerable volumes of field and experimental information have been accumulated on the modeling of hydrothermal processes of mineral formation and oil and gas accumulation in the upper part of the earth's crust due to mantle exhalations [2, 17, 18, 20] .
A few studies are devoted to bitumen hydrothermal mineral associations in the rocks of the Western Donetsk graben associated with the works of V. Shumlyanskii, A. Gorovy, V. Skarzhinsky, V. Suyarko, K. Bezruk, L. Ishchenko [3, 14, 25, 34] .
Particular attention should be paid to the works that determine the thermodynamics of the deep processes of heat-and-mass transfer both in hydrothermal ore fields [27, 37] and in zones of deep oil and gas accumulation [2, 20, 30] . Particular attention should be paid to the development of models of formation of halo waters in the hydrothermal ore fields of the region at the expense of the endogenous and exogenous fluid-dynamical factors and processes [13, 14, 25, 27, 30] .
Selection of previously unsolved parts of the general problem. Resolving the problem of hydrocarbon participation in the hydrothermal process is of a general nature and needs to be clarified and detailed for different geological regions. This, above all, is determined by the conditions that determine the formation of bitumen-hydrothermal mineral associations in erupted rocks. Among the unresolved separate problems of this problem is the formation of a fluid regime of hydrothermal process with the participation of hydrocarbons in the conditions of the Dnieper-Donetsk paleorift, and in particular, Western Donetsk graben.
Formulating the purpose of the article. Investigation of the features of the fluid regime and the participation of hydrocarbons in a hydrothermal process in the conditions of the Western Donetsk graben (Dniprovsk-Donetsk paleorift).
Presenting main material. Formation and further geological development of the Dnieper-Donetsk paleorift (including the territory of research) are associated with the periods of tectonic activation, accompanied by the formation of new and rebuilding existing folded and burst structures, in sedimentary rocks of which hydrothermal minerals deposited, that are spatially-genetically connected with bitumen.
Tectonic disturbances, different in order, direction and amplitudes, several of which reach the mantle, were and are now the main channels of heat-andmass transfer. It is with them that the upstream flows of thermal crust-mantle fluids, deep water and hydrocarbon migration are connected [16, 18, 37] . For the last tectonic channels, in spite of the traditional ideas, are, in our opinion, not only the underlying but also the distributive ones. At the same time, under favorable structural-tectonic and lithologycallyfacies conditions, discontinuous tectonic disturbances with signs of hydrothermal activity can be the main factor in the formation of hydrocarbon traps in deep (more than 4-6 km) Paleozoic horizons, as well as in the upper part of the geological section [28] . This, in our opinion, is due to the development of powerful dissolution zones around them.
Within the active sections of faults in various geological epochs of the region, there were tectonic movements, the result of which were magmatism, hydrothermal activity and conglomeration of hydrocarbon accumulations. The authors associate the activation of fracturing structures and the intensification of heat-and-mass transfer processes with the Alpine tectogenesis, the result of which were neotectonic geodynamic stresses, manifestation of which is the geothermal field tensity, fluid mass transfer and anomalies of high reservoir pressure in the rocks, as well as gas and hydrogeochemical anomalies of methane and its homologues, which are direct indicators of oil and gas pressence [28] .
Modern heat-and-mass transfers on the territory of research are established within the limits of ancient polychronic hydrothermal systems, the most active resumption of which occurred in the Laramie phase of alpine tectogenesis. Here there is an ascending unloading of alkaline (pH 7,8-9,2), chloridesodium and chloride-hydrocarbonate-sodium waters with high (sometimes with very low) mineralization and abnormally high concentrations of endogenous chemical elements (Hg, B, Li , Rb, Сs, І, F, Br Аs etc.). In the dissolved or free state, the gases -СО 2 , СН 4 , N 2 , etc., are fixed here, among which the metamorphogenic mantle occupy a prominent place -H 2 , Ag, Ne, steam Hg. For the most part, such cells spatially coincide with the sections of both modern tectonic activity and high tensity thermal field. Sometimes they are accompanied by geophysical anomalies of different nature. Such centers of unloading of endogenous fluids that are abnormal in chemical composition, heat flow, groundwater and deep-formed gases are detected in the zones of the Central Donetsk, Korul'sko-Dronovsky, Mushketovsky-Persianovsky, Krasnoritsky, Maryovskogo and many other faults, the existence of which is associated with processes that occur under the earth's crust [8, 18, 27] .
At a depth of up to 1000 m, gases are dominated by carbon dioxide, the concentration of which is 2 times higher than the background, and methane spontaneously released during well drilling within the limits of ancient hydrothermal systems controlled by regional faults [15, 16] . Sometimes, the temperature of the waters of the Paleozoic and Mesozoic deposits even at depths up to 0-300 m reaches 23 o -27 o C [25, 28] at the background values of 10 o -12 o C. Such hydrogeotermic anomalies are found within the limits of anticlinal structures with hydrothermal mineralization and manifestations of oil and gas, controlled by deep faults: on Main (Horlivska) (up to 18°C), Druzhkivsky-Konstantinovsky (up to 19°C), Slavyansk (up to 20°С). Svyatohirskaya (up to 27°C), Korul (up to 22°C) anticlines and some other structures of the region. The excess by the average abnormal temperatures of groundwater of similar proportions in the rocks confirms the version that the deep waters of faulty structures are the main factor of heat-and-mass transfer in the upper zones of the earth's crust [4] .
Experimental studies have established that heatand-mass transfer in the deep areas of the earth's crust occurs at the expense of gaseous fluids, and in the upper part of it, it is controlled by the circulation of sodium chloride waters and brines containing components of high molecular weight hydrocarbon compounds. The composition of these compounds (molecules) may include nitrogen, sulfur, oxygen, halogens (fluorine, iodine, bromine), as well as metals in the complex forming so-called asphaltsmearing substances. Generally, more than 900 hydrocarbon compounds of paraffin, naphthenic and aromatic series contain all of these microcomponents [24] . Among them, of particular interest from the genetic point of view, are heavy metals (Ni, Cr, V, W, Fe, Hg, etc.), which are almost always present not only in oil, but also in hydrocarbon gases [5, 16, 24] . They are the specific genetic markers of hydrocarbons. Taking into account the natural thermodynamic conditions, extracting heavy metals from crystalline rocks is possible only at such temperatures and pressures, when the oil in its usual form, cannot exist as a crystalline mineral [31, 33, 34, 37] .
In the study of hydrogeochemical and gasogeochemical anomalies, one of the most important issues is the genesis of their components. The answer to it can be considered in two aspects: 1) the origin of the main components of groundwater and gases; 2) genesis of microelements of water and dissolved and free gases [28] .
The analysis of the isotopic composition of hydrogen and oxygen of groundwater in the zones of deep faults in the region has confirmed that they are mainly (95-97%) are hidden seawater diluted in the sedimentation pool by infiltration water [7] . This suggests that only 5-7% of groundwater of fault zones can be "juvenile waters", which are highly diluted with vadose waters, but are actively involved in the formation of hydrothermal and hydrocarbon deposits and their ore water. However, in the process of considering the origin of water, it is necessary to take into account the isotopic ratio of O 2 , H 2 , and to study the isotopes of dissolved chemical elements in them. The content of the latter in fault zone waters depends on the temperature, chemical composition and velocity of the fluids -factors that determine the solubility of the isotopes, the duration of contact with the rocks and the vadose waters. Among the chemical elements, the isotopes of carbon, uranium, radium, radon, argon, helium are of fundamental importance for genetic diagnostics of fluid and solid forms of geological matter.
The most actively entering the water of the deep faults of the Dnieper-Donetsk aulacogene are carbon dioxide (CO 2 ) and methane (CH 4 ). The latter is likely to be a product of degassing the mantle, as well as metamorphism of sedimentary rocks. In mantle carbon dioxide, the content of heavy nuclide δ 1З С is in the range of 6-13 ‰ for an average value of 7 ‰. This isotopic composition also has methane, which can be formed in the mantle together with C0 2 during the interaction of carbon with water [2, 7, 23, 34] . In the upper layers of the earth's crust deep methane can be oxidized by reaction:
In the future, as a result of the dissolution of carbon dioxide in water, sometimes deep hydro carbonate sodium water may be formed.
Carbon dioxide from deep horizons of the earth's crust comes in fault zones that control both hydrothermal fields and hydrocarbon generation zones. Here, on the sites of discharge of fluid streams, there is a selection of СО 2 and СН 4 (both in free and soluble forms) with a relatively high content of heavy nuclide δ 13 С [20, 25] . As an example, Druzhkivsky-Konstantinovsky ore field, which is confined to the eponymous anticlinal folds (Table  1) . As can be seen from Table 1 , heavy isotope of carbon content (δ 1З С) is greater in carbon dioxide than in methane, which is determined by the thermodynamic properties of carbon in these compounds [28] . The values of δ 1З С for methane vary from -20,1 to -30,8 ‰, indicating its predominantly crust (metamorphogenic-catagenetic) origin [1] . In carbon dioxide, dissolved in pressure sodium chloride and hydro carbonate (chloride) sodium waters and brines, as well as in free СН 4 from gas jets, this val-ue ranges from 5 to 15,1‰, which is more characteristic of its endogenous variety [15, 16, 40] . In our opinion, this is evidenced by the fact that, within hydrothermal hydrocarbon systems, two the most important components -methane and carbon dioxide -can accumulate as a result of endogenous degassing of the Earth [20, 23] .
Degasification of the mantle in the DnieperDonetsk paleorift is accompanied by the constant emission of fluids, which migrate in sedimentary rocks, "steaming" and saturating them with endogenous components. By deep water moving the processes of catagenetic transformations in the earth's crust can be explained. Deep water absorbs endogenous heat flow and is constantly heated, and while moving to the surface, on the contrary, they give their thermal energy to colder sediment and infiltration water. Thus, it turns out that the spatial coincidence in the region of areas of increased tension of geothermal field with sections of hydrogeothermal mineralization and hydrocarbon accumulations and their ore water can be justified by genetic factors [2, 4, 20] .
Vertical crust-mantle convection, which increases at the moments of folding phases and fades in the periods of relative tectonic stabilization, still continues in the region in accordance with the "posthydrothermal stage" of its geological development [10] . Therefore, within the stable hydrothermal systems limits on the sites of fracture structures with the greatest fluid permeability the long-lived centers of heat transfer have formed. During the long history of geological development of the region there was a periodic discharge of the heat flow in them, hydrothermal solutions and hydrocarbon fluids, which moved to the upper horizons of the earth's crust with the participation of deep formation water, forming bitumen-hydrothermal mineral associations, as well as affecting the formation of ore water [16] .
Ancient fluids from which minerals are formed, as well as modern water-gas mixtures discharged into neotectonically activated faults, are part of the halo waters and have sodium chloride or chloridesulfate sodium composition. Sometimes (Slavic brachianthicline) in the liquid phase of hydrothermal inclusions, there are hypogeneous microelements (lithium, cesium, rubidium, mercury, etc.) that are contained in the fluids, unloaded in faults in modern times. The composition of their gas phase (which is dominated by СН 4 , СO 2 in the presence of N 2 , H 2 S, Не, Н 2 , Ar and others, in general corresponds to the composition of gas jets emitted from the fountain wells that revealed the hydrothermal systems of the Bakhmut and Kalmius-Toreka basins (Table 2 ) [8, 16, 25, 27] .
More specific information on the genesis of groundwater of fault structures give, in our opinion, the ratio of concentrations of rare alkalis -lithium, rubidium, and cesium in them. The content of these chemical elements is not controlled by the physical and chemical equilibrium between water and minerals, which confirms them entering the groundwater from the cells of deep generation, therefore, ore and deep waters containing rare alkenes, receive an endogenous component [1, 38] . [11] Two of the simplest and at the same time informative methods for determining the genesis of solutions are methods based on the ratios of concentrations of lithium, rubidium and cesium, used by different researchers [1, 25, 40] .
On the basis of research results of the content of rare alkalis in the thermal waters of young volcanic areas and fault zones, it was found that lithium, rubidium, cesium, and chlorine could not accumulate in the groundwater due to erosion from rocks, but came from endogenous, possibly mantle cells of generation. To determine the genesis of solutions, it was proposed to use the ratio of the concentrations of rare alkalis: а) for sea water -the content Li:Rb:Cs = 100:78:0,22; б) for deep (volcanogenic) water the content Li:Rb:Cs = 100:13:14 (100:9:6) [1].
Concentrations of rare alkalis in the water of deep faults, which are discharged within certain hydrothermal-gas structures of the Western-Donetsk graben, indicate that the ore waters of the ore fields is close by composition to modern volcanic waters, and therefore have an endogenous component [14, 22, 25, 29, 30] .
An important diagnostic feature of determining the genesis of water is also the content of helium, in the composition of deep fluids, unloaded in many Table 3 The ratio of concentrations of lithium, rubidium and cesium in ore waters of fault zones in some hydrothermal-gas-bearing structures of the region (by V. deep faults in the region. Its abnormal concentrations (up to 0,067%) were detected in gas jets, spontaneously released along with the deep waters in faults, which erode Druzhkivsko-Kostyatinovsky anticline [16] . Helium also occurs on other dome structures of the region with similar geochemical specialization (Krasnopopovskaya, Slavyanskaya, Chervonokiskaya, etc.). In almost all cases, the ratio of nuclides 3 Не/ 4 Не fluctuates within the limits of n 10 -6 -n 10 -5 , which definitely indicates the mantle origin of the element [25, 40] .
Thus, on the basis of the above signs it can be concluded that the bitumen-hydrothermal mineral associations and the ore waters of the ore fields of the region are formed with the participation of mantle and metamorphogenic fluids, in which some of the main components are carbon and hydrogen.
Conclusions. The results of the study, based on the actual material of field and laboratory works, let us make important conclusions.
1. In Western Donetsk graben, which is an integral part of the Dnieper-Donetsk paleorift, the natural affinity of natural, mostly solid, bitumen to the sections of hydrothermal mineralization in rocks is established. These areas are found in the rocks of the anticlinal structures controlled by the zones of deep faults and their apophyses. 
FLUID REGIME AND ORE WATER OF BITUMO-HYDROTHERMAL MINERAL ASSOCIATIONS IN THE CONDITIONS OF WESTERN DONETSK GRABEN
The fluid regime of bitumen-hydrothermal mineral associations on the ore fields of the Western Donetsk graben, which are part of the Dnieper-Donetsk paleorift, has certain geochemical features. It is conditioned by the peculiarities of geological development, structure and the current level of tectonic activity of the region.
The purpose of the article is to study the fluid regime of bitumen-hydrothermal mineral associations and the participation of hydrocarbons in the hydrothermal process.
The research methodology consisted of a theoretical interpretation of laboratory studies, in particular chemical analyzes of rocks, ore minerals, bitumen, groundwater and gases, as well as isotopic analysis of carbon of solid bitumen.
Research results. Field studies have found that bitumen-hydrothermal mineralization in the rocks is naturally timed to tectonically activate anticlinal structures.
The energy source of its formation are the polychronous processes of heat-and-mass transfer, the power of which is determined by the tectonic activity of the zones of deep faults. In the rocks of the region, with the specified type of ore mineralization (mercury and mercury-polymetallic), the halo waters of a certain geochemical specialization are formed, which include chemical elements of ore and impure minerals and bitumen, as well as endogenous fluids. Among such fluids is the carbon of solid hydrocarbon compounds, the isotopic composition of which indicates its inorganic origin.
The presence of bitumen-hydrothermal mineral associations of chemical elements and gases in halo waters of deep origin indicates that hydrothermal systems of the ore fields of the Western Donetsk graben are on the modern, post-hydrothermal stage of development.
The scientific novelty of the material presented in the article is based on several substantive theoretical conclusions, which are based on the actual material of the research carried out by the authors.
The natural affinity of bitumen-hydrothermal associations to tectonically activate structures located in the zones of deep faults has been proved.
The affinity of inorganic carbon bitumino-hydrothermal mineral associations in solid bitumen and chemical elements present in gas jets and groundwater to metamorphic and mantle processes (He, H 2 , Hg, CO 2 , CH 4 , Li, Rb, Cs, etc.) is substantiated. , which are manifestations of modern tectonic activity of alpine tectogenesis.
It was substantiated that the formation of the chemical composition of the halo waters of bitumen-
